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Abstract 
Most of the land subsidence events in large cities are associated with the withdrawal of large amounts of 
groundwater from an aquifer. Such events have occurred in a number of cities in the world due to the groundwater 
extraction required for development and modernization. Cities in Indonesia have experienced the same 
phenomena because of the excessive use of groundwater, resulting in the subsidence of the watertable. Study on 
land subsidence in Jakarta, the capital of Indonesia, was initiated in 1970s using various methods including the 
latest method based on ground positioning system (GPS) and differential interferometric synthetic aperture radar 
(DinSAR). Other cities such as Semarang, Surabaya, and Bandung have also been investigated using similar 
approaches. 
The target area of the present study is the city of Makassar, the capital city of South Sulawesi province. The 
population of the city has increased to 1.2 million in 2010 from the value of 0.94 million in 1990, causing the 
increased use of both land surface and ground water. Here the DinSAR analysis is conducted on the JERS-1 SAR 
data acquired during a six year period of 1993-1998. For field recognition, we make use of the QuickBird high 
resolution optical data, as well as the observation result from a recent field campaign performed in 2009. 
The result has indicated that the western part of Makassar has subsided by 10-1 5 cm during the period of 
JERS-1 SAR data acquisition. It is known that this part of the city used to be coastal areas and has been reclaimed 
after around the year 2000. Other than the ground water extraction, the land on the northern part of the city has 
also subsided due presumably to the load of warehouse and housing constructions. The DlnSAR result is in line 
with the field observation where some houses were levelled down from the initial surrounding and load of 
construction was clearly observed on some sites. 
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1. Introduction 
The earliest study on city subsidence in Indonesia is the 
city of Jakarta [1,2], capital of Indonesia has been initiated 
since 1970s using various method of measurement with the 
latest method using this differential interferometric synthetic 
aperture radar (DlnSAR). Other cities have been investigated 
using this technique as well including Semarang [3], 
Surabaya and the latest one Bandung [ 4 ]. Other big cities are 
waiting for :fi.uther research with this technique such as 
Makassar, Medan and Denpasar. This paper describes the 
development of measuring the dimension of land subsidence 
phenomena that has occurred in the city ofMakassar. 
The city of Makassar as the capital of South Sulawesi 
Province is the 4th largest city in Indonesia, considered to be 
the gateway of Indonesia from the eastern part. Situated at 
the southwest part of Sulawesi Island, Makassar city covers 
an area of 17 5. 77 km2 divided into 14 sub districts. 
Makassar city lies on the geographic coordinate of 
119°18'27,97"-119°32'31,03" East Longitude and 
5°00'30,18" -5°14'6,49" South Latitude. The landform is 
relatively flat, classified as alluvial plain and topography 
level from 0- 21 meter above the sea level, Figure 1. 
Geologically, the city is covered by 3 types of formation, 
Camba Volcanic Formation, Baturape Volcanic formation 
which mainly consist of fine sediment elastic of volcanic 
eruptive rocks but mostly eroded and alluvium formation 
deposit as recent weathered material. In general, we can find 
3 types of rock units, basalt, tuff and breccia which derivated 
from the volcanic origins and sediment deposit like fine to 
coarse sand The population of the city has increased to 1.2 
million in 2010 from the figure of 0.94 million in 1990, 
causing the increased use of both land surface and ground 
water. The rapid urbanization has made Makassar as center 
for economic development in eastern part of Indonesia. 
Based on the statistic data of Makassar City, population 
has been increasing due to the development and 
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modernisations that create urbanisation. Makassar as the 
capital city of the South Sulawesi Province is the target of 
urbanization. Hence the situation will continuously grow 
alongside the needs for the people for development to have a 
better life. As the number of population increase, industries 
has been triggered to provide new open areas for business, 
construction and this situation demand spaces. When the 
government is not able to be pushed in the rural area, the 
spaces in the city will eventually decrease for particular 
landuse creating land degradation and could generate land 
subsidence in the future due to the extraction of water well in 
the surrounding areas. This has been suspected as the cause 
of the subsidence of the city land phenomena. INDONESIA 
Figure 1. Study area of Makassar City Land 
Subsidence with the 14 subdistricts. 
2. Data and Methodology 
This research utilized 8 scenes of JERS-1 SAR images of 
level O covers a swath area of 75 km2 in descending modes 
with 35.5 degree of incident angle, but the area focused for 
the subsidence study is only 175.77 km2• The subsidence 
analysis is also supported with optical image data, SPOT 4 
acquired 2007 and ALOS AVNIR 2 acquired on June 21 
2008. Field campaign was conducted in September 2009 and 
January 2011 with each measurement was taken by handheld 
Global Positioning System (GPS). For site validation other 
than the field check we also used high resolutionofIKONOS 
images acquired in 2009 and for ground sampling validation 
of Quickbird acquired on May 6, 2007. All supporting data 
are georeferenced U1M and WGS 1984 GIS platform. 
Figure 2.Quickbird andAVNIR2 image of the coverage area. 
Figure 3. DinSAR Processing images of Makassar City. 
A.Coherence image of 1995/1996. B. DinSAR hnage pair of 
1995/1996 images C. SAR, real image D. Deformation 
Image. 
Differential Interferometric Synthetic Aperture Radar 
(DinSAR) were performed using SIGMASAR software 
developed by JAXA (Dr. Shimada) combined with ENVI 
and ARC GIS in creating the GIS analysis. The DinSAR 
processing uses 2 pass interferometry with 2 pairs of SLC 
images were processed to create interferogram. The 
differential interferogram furtherly flattened and unwrapped 
to obtain the deformation map of the subsidence area 
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Figure 4. DlnSAR processing images a. Coherence images b. DlnSAR images Pair of 1993/1994, 2. Pair of 
1994/1995, 3. Pair of 1995/1996, 4. Pair of 1996/1997, 5. Pair of 1997/1998. 6. Pair of 1998/1998. Later image 
is master and earlier image is slave. Yellow outline is the approximate coverage of Makassar City. 
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3. Result and Discussions 
We have shown that the application of DlnSAR 
technique using JERS-1 data can reveal subsidence 
conditions in the study area. Mostly the subsidence occurred 
in the northern part of Makassar city during the time interval 
studied here, though the population density in northern part is 
lowest among the entire city regions. Industrial district, 
reclamation area, trading center area, international airport and 
the seaport are built in this region. The center of the 
subsidence with the subsidence-affected coverage area can 
also be estimated easily. It has been found that the subsidence 
occurred in separated regions with different land usage. 
Nevertheless, the ground survey has indicated that high 
human activity exists in every point of subsidence. 
Various human activities such as ground water pumping 
and construction working should have affected the local 
subsidence phenomena in Makassar, as in the case of other 
large-scale cities [5]. The main cause of subsidence in 
Makassar has not been revealed because of the complex 
feature of the phenomena. However, the result of the present 
study strongly suggests that the human activity and land use 
alteration are influencing the geomorphological changes in 
this city. 
Figure 5. Focus on deformation image of Tamalate and 
surrounding overlaid with Quickbird image acquired on 
20070506. The yellow circle line indicates subsidence. 
Field campaign conducted in September 2009 revealed some 
locations that indicate the incidence of land subsidence and 
the fact that some parts of the city are having load of building 
construction that make the city experience of slight 
movement of its earth surface. 
New building construction of warehouses can be seen 
in picture P l  taken in the area of Tallo, New housing and 
modem apartment as well as community business complex 
in P2. Evidence of subsidence can be seen from P4 in 
Paotere, P5 in Panakkukang, P6 in Mariso and P7 in 
Tamalate. On of the main road, the soil load can be a 
thickness of 15-20 centimetres. 
Figure 6. Field survey indicates a subsidence. 
4. Conclusion 
D InSAR method is used to estimate subsidence 
phenomena which has been derived and applied in this study. 
Continuous information of subsidence area will be useful for 
urban maintenance and urban development field, as one 
important factor for planning and construction works. So far, 
only few subsidence-related studies have been carried out 
using SAR data over urban area. We have tried to apply 
JERS-1 SAR although not all pairs can give good coherence 
due to the baseline and atmospheric aspects. 
Makassar City has been experiencing land subsidence 
in certain areas as well land piling specially in the area where 
new building construction complex. We have successfully 
implemented the DlnSAR processing technique in 
measuring the dimension of the land subsidence. The 
incidences in some areas show evidence of from 10-15 cm of 
subsidence. Shown by field observation conforming the 
DlnSAR images. 
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